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HIGH RESOLUTION SINGLE SHOT DBB-CARS SPECTROMETER
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• Single shot CARS-thermometry can resolve spatial and temporal details of 
the combustion process and provide information on the combustion 
efficiency. Accuracy depends on knowledge about collision processes. 
 
• In CARS thermometry of H2/O2 flames using H2 as probe molecule, 
experimentally measured and extrapolated broadening coefficients of various 
H2 Q-branch lines by collisions with water molecules, can be successfully used 
[1,2]. 
 
• For hydrocarbon-fuelled flames the problem of correct temperature 
evaluation still persists. This is mainly due to the lack of knowledge of H2-
CH4, H2-CO, H2-CO2 etc. collisional line broadening coefficients and 
influence on these measurements speed –dependence effects [1,3] at elevated 
temperatures.  
 
• Additional experimental complications arise from the necessity of 
simultaneous measurements of H2O, CO, CO2, and CH4 concentration during 
a single laser pulse. 
 
• To overcome this difficulty of CARS gas thermometry in HC-O2 combustion 
a new experimental modification of DBB CARS-spectroscopy is proposed. 
 
• The idea is in simultaneous detection of intensities of hydrogen Q-branch 
lines with the help of a spectrometer combined with an interferometer having 
orthogonal direction of dispersions for line width measurement. A scheme of 
this layout is shown on a Fig.1.  In such an approach, the information on line 
widths obtained from a single-shot CARS spectrum is directly used in 
temperature evaluation routines and does not require knowledge of species 
concentration and of medium density. 
 
• Here we report the results of application of this approach to single shot 
CARS thermometry of hydrogen-nitrogen ( 1:10) mixture in a heatable cell at 
high pressure (90 bar) and temperature (∼1000 K). 
 
• The main aim of this preliminary experiments was to approve the technique  
from the sensitivity and reliability point of view in course of intensity and 
linewidth of the hydrogen Q lines measurements at high temperature and 
high pressure conditions. 
 
• In the first step of this experiments, the Fabry – Perot interferometer has 
been removed and  DBB CARS nonresonant signal from 10 bar of N2  (which 
is shown on Fig2) as far as positions of lines Q-branch  in pure hydrogen 
(Fig.3) have been received.  
 
• In the next step, the interferometer has been placed back inside the optical 
system and illuminated by the CARS beam. Care has been taken to match the 
aperture of the  0,5m focal length spectrometer and to avoid distortions of the 
interference pattern image on CCD matrix.  
 
• The resulting image  (Fig4), for one of the experimental conditions and 
corresponding 3D graphical representation (Fig.5) shows good signal to noise 
ratio. The slit function was found as 0,294cm-1 at  FSR  5cm-1 . Asymmetry of 
the lineshape which can be seen in Fig.6  is attributed more to resonant-
nonresonant CARS signal interference then to speed-dependent effects.  
 
• Lorenzian profiles have been used for fitting procedure (Fig.7) to deduce 
linewidth and linebroadening coefficient (Fig.8/9) and co-called  J – 
dependence of this values. The same procedure was proposed in [4].       
  
• These data demonstrate good agreement with the data from reference [3] and 
have been directly employed in the subsequent temperature evaluation 
procedure. Of course, for the mixture 10% H2 + N2  such procedure don’t 
allow to receive high accuracy of the temperature measurements due to the 
complicity of the lineshape. 
 
• The values of gas mixture temperature, which were defined from DBB CARS 
spectra in a wide range of pressures (10 – 90 bar), coincide with 
thermocouple measurements within ~ 5%. 
 
• Finally, it should be noted that H2 /O2  or CH4 /O2 combustion mixtures 
contain water vapour as main product (Fig.10), and as was shown in [5]  H20 
demonstrates pure collisional broadening behaviour. Therefore, the proposed 
approach can be employed  to temperature measurements in such 
combustion investigation.. The following question for CH4 +O2 mixture is on 
the measurements of the collisional properties CO and CO2 molecules, but 
there concentrations are not so high at the ROF  in a real combuster. 
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